In this paper an extension that brings spatial data algorithm support to the TRAKLA2 system is described. The different exercise types and the problems implementing them are discussed, and suggestions for future work and ideas for better spatial data support to the system are given.
INTRODUCTION
TRAKLA2 [4] is an automated assessment system for teaching data structures and algorithms. The TRAKLA2 exercises are visual algorithm simulation exercises, where a group of data structures are illustrated to the user using algorithm visualization techniques. In visual algorithm simulation the user manipulates graphical representations with a mouse, thus simulating the actions of an algorithm. Typically the graphics are used to represent data structures. Most exercises in the TRAKLA2 system are tracing exercises where the user traces the execution of a given algorithm by manipulating graphical representations of data structures [3] . A typical modification in a tracing exercise is to move a data element from one data structure to another, or from one position in a given structure to another position in the same structure.
TRAKLA2 has so far covered only basic data structures and algorithms. This work describes a current project that aims to extend the idea of visual algorithm simulation to another area of algorithmics. This first extension to TRAKLA2 covers spatial data algorithms (SDA) in the field of geoinformatics. Geoinformatics is a branch of science that applies computer science techniques to cartography and other geosciences. Spatial data is a term that covers all data that is located in a multidimensional space. Spatial data algorithms are, therefore, algorithms that manipulate this situated data.
The SDA extension to the TRAKLA2 system covers the basic spatial data algorithms taught to geoinformatics students at Helsinki University of Technology, and is designed to be used on the SDA course arranged by the Institute of Cartography and Geoinformatics at the university. Many of the algorithms taught at the course may be better know to computer scientists as geometric algorithms.
SPATIAL DATA ALGORITHMS
In geoinformatics, spatial data algorithms are used to manipulate located, geographic data. Typically the data forms some type of map. Map data can be represented using two models: vector and raster. In the vector model, the different terrain features are represented as points, lines, or polygons that have location data associated to them. In the raster model, a regular grid is used to divide the represented area into equal sized cells. Each cell then has a data value associated to it. Spatial data algorithms can be divided into two categories according to which data model they use.
In addition to the two data models and the associated algorithms, there are also several data structures designed to store spatial data. Many such structures can, at least with minor modifications, be used to store data of either model. These structures are typically based on data structures designed to store one-dimensional data such as numbers or strings. For example, an R-Tree [2] is two-dimensional variation of the B-Tree.
Algorithms for Vector Model
In the vector model, the data elements are discrete, and in many cases cover only part of the whole space being examined. Such data can be gathered, for example, by taking samples in the field, and measuring the required data values at these sampling points. Such data is typically modeled using mathematical models, like Voronoidiagrams [6] . Since the data covers only small part of the area, interpolation and extrapolation methods are important for achieving required coverage.
It is easy to create tracing exercises for most vector model algorithms. For example, in the expanding wave method for creating a TIN-model (a dual of the Voronoi-diagram) [5] , the placement of the input points decides the order in which the data points are covered and therefore the execution of the algorithm. In such an exercise, the learner must, after a data point has been covered, decide which point to handle next based on the given input data.
Some of the data structures and algorithms used for handling spatial data in the vector model also demonstrate well-known problem solving methods that can be applied in other fields. The set of implemented exercises includes, for example, finding line segment intersections using the well-known line sweep problem solving strategy.
A total of 12 TRAKLA2 exercises that contain data structures and algorithms for the vector model have been specified for the SDA course. These exercises cover areas such as different structures for storing Voronoi-diagrams, methods for constructing, modifying and analyzing Voronois, methods for traversing and analyzing polygon maps, interpolation methods, etc..
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Algorithms for the Raster Model
In the raster model, the whole area being examined is covered by a raster. Such data can be gathered, for example, by digitizing existing maps or from aerial photographs. The data is stored as a matrix of values.
Most of the algorithms used for the raster model include a lot of mathematical calculations. Typical operations are, for example, combining information from two raster layers to a new layer, or generalizing information in one layer. Such operations can be effectively implemented by using filter functions that calculate the values for a new raster layer based on existing values.
In most TRAKLA2 exercises the user traces the execution of an algorithm by moving data elements from one position into another. In most raster problems, however, the algorithm reads the input and uses a mathematical function to calculate the output. Such operations can not be simulated using tracing, but would require other kind of exercises. Implementing most raster model problems in TRAKLA2 system would require considerable extra work to modify and expand the user interface. These expansions to the system have currently been left as future work. Therefore, only one exercise specific to the raster model has been specified for TRAKLA2.
Visualization of Multidimensional Data
Typically, in TRAKLA2, the data structures are visualized in a way that explicitly shows the internal hierarchy of the structure. A tree, for example, is visualized using a view where nodes are arranged to layers based on their distance from the root node, and each node has links to its child nodes. Root is on the topmost level. Such visualization shows accurately how the data is stored in the data structure. However, if the data is multidimensional, such visualization cannot accurately show the relationships (i.e. distance, direction, size) between different data elements in the given space.
In order to show the relationships between different data elements, a view that shows the given space is required. Typically a two-dimensional space is visualized as an area, where the different data elements are drawn to their correct coordinates. However, such view does not contain information necessary for understanding how the data is stored in the structure. Therefore, in the spatial data algorithm exercises, there is typically a need to show two views of the same data structure simultaneously: one to show how the data is stored and another to show how data elements are related.
CONCLUSIONS AND FUTURE WORK
Tracing exercises are meaningful when the input of the algorithm affects its control flow. In such exercises the input data must be used to decide what the next step of the algorithm is, forcing the learner to think how to execute the next step of the algorithm simulation. Therefore, in order to solve the exercise correctly, he must know how the algorithm works, and be able to solve the different special cases he encounters. Conversely, if the input has not effect on the control flow of the algorithm, a tracing exercise should not be used. When the steps of the algorithm are the same on each input, the solution process becomes a systematic task, where the learner does not need to think about the next step once he knows how the algorithm works. This, in turn, makes the exercise boring and repetitive.
Knowledge of many vector algorithms can be tested using tracing exercises. However, most raster algorithms are best suited for some other type of exercise. Knowledge of raster algorithms can be tested, for example, by having the user construct a desired filter function. Such exercises are traditionally done either with pen and paper, or by using mathematical programs such as Matlab. However, trying to expand visual algorithm simulation to cover such exploratory exercises [3] is an interesting research problem. One possible solution is to borrow ideas of visual programming environments such as Alice [1] , and create exercises where the goal is to graphically construct a correct filter function using a given input and a set of possible operations.
